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ABSTRACT. 
were s tud ied  on "Zond-4" and "Zond-5". 
used f o r  t h i s  is described, and t h e  r e s u l t s  obtained 
are discussed. 

Proton f luxes  i n  t h e  1.5 - 50 MeV range 
The apparatus 

Inves t iga t ions  of t h e  in t e rp l ane ta ry  atmosphere, ca r r i ed  out i n  the  /2250 

p a s t  few years ,  have' c l e a r l y  revealed one of its c h a r a c t e r i s t i c  f ea tu re s  - 
t h e  huge r o l e  of t h e  nonstat ionary processes  i n  t h e  in t e rp l ane ta ry  atmosphere. 

It has become c l e a r  t h a t  f o r  a complete concept of t h e  s t r u c t u r e  of t h e  i n t e r -  

p lane tary  atmosphere w e  must have both simultaneous measurements i n  var ious 

regions (which pe rmi t s  determining the  s p a t i a l  c h a r a c t e r i s t i c s  of t h e  atmos- 

phere, inc luding  t h e  grad ien t  of t h e  cosmic rays)  and measurements c a r r i e d  

out  i n  var ious per iods of s o l a r  a c t i v i t y .  These measurements i n d i c a t e  t h e  

time c h a r a c t e r i s t i c s  of t h e  atmosphere and t h e i r  r e l a t ionsh ip  t o  s o l a r  

a c t i v i t y .  Of spec ia l  i n t e r e s t  are inves t iga t ions  of t h e  proton f luxes  with 

energ ies  i n  t h e  range of approximately 

between t h e  energy of s o l a r  wind protons and t h e  protons of cosmic r ad ia t ion .  

Inves t iga t ion  of such protons i n  in t e rp l ane ta ry  space permitted s tudying t h e  

long-lived s o l a r  corpuscular f luxes  and t h e  f i n e  s t r u c t u r e  of t h e  i n t e r -  

p lane tary  magnetic f i e l d .  

0.5 - 10 MeV which i s  intermediate  

' 

* 
Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  fore ign  text. 
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Nost of t h e  published works were performed i n  t h e  per iod of minimal 

s o l a r  a c t i v i t y  [l - 31, although r epor t s  do e x i s t  concerning la ter  investi- 

ga t ions  [4] .  

Inves t iga t ions  were c a r r i e d  out  on proton f luxes  i n  t h e  1.5 - 50 MeV 

range on t h e  automatic i n t e rp l ane ta ry  s t a t i o n s  (AIS) "Zond-4" and "Zond-5", 

launched toward t h e  Noon, respec t ive ly ,  on March 2 and September 15, 1968. 
Below w e  g ive  a b r i e f  desc r ip t ion  of t h e  apparatus used f o r  t h i s ,  and a 

discussion of t h e  obtained r e s u l t s .  

The apparatus f o r  measuring t h e  proton f luxes  cons is ted  of two ins t ru -  

ments. The f i r s t  of these  ( t h e  PRP-1, a semiconductor proton recorder) w a s  

a sandwich of two s i l i c o n  l i t h ium-dr i f t  de t ec to r s ;  t h e  second of t hese  

de t ec to r s  (D2) w a s  connected i n  an t ico inc idence  with t h e  f i r s t  (Dl). The 

D 1  w a s  1.5 cm i n  area; t h e  D2 - 2.5 cm a The d e t e c t o r s  were sh ie lded  from 

l i g h t  by an aluminum f o i l  10 pm th i ck .  

ment i s  equal t o  3.9 cm 'ster. The instrument r e g i s t e r e d  protons inc iden t  

on t h e  D l w i t h  energies  of 1.5 - 10 MeV and 10 - 21 MeV. 

2 2 

The geometric f a c t o r  r of t h e  in s t ru -  
2 

The second instrument ( t h e  PRP-2) w a s  a te lescope  of two i d e n t i c a l  

s i l i c o n  l i t h ium-dr i f t  de t ec to r s  D 3  and D4 having an area of 2.5 cm2 each. 

The angle  a t  t he  apex of t h e  rece iv ing  cone w a s  equal  t o  100'; t he  d i s t ance  

between t h e  de t ec to r s  w a s  equal  t o  14  mm, The instrument w a s  adjusted t o  

r e g i s t e r  protons i n  t h e  energy range of 30 - 35 MeV and 45 - 50 MeV by the  

proper choice of th ickness  and shape of t h e  absorbers loca ted  along t h e  edges 

and i n  t h e  cen te r  of t h e  te lescope,  and a l s o  by adjustment of t h e  discrimina- 

t o r  thresholds .  It is  important t o  no te  t h a t  no p a r t i c l e s ,  o the r  than protons,  

+ were recorded by t h i s  instrument-  

Discussion of Resul ts  Obtained 

The apparatus  f o r  measuring proton f luxes  w a s  set up i n  such a way t h a t ,  /2251 

when t h e  AI-S ro t a t ed ,  t h e  instruments  c a r r i e d  out  t h e  scanning b a s i c a l l y  i n  
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the  plane perpendicular  t o  the  plane of t h e  ec l ip t ic .  However, i n  c e r t a i n  

segments of t h e  f l i g h t  t r a j e c t o r y  the  o b j e c t  completed var ious maneuvers 

with change i n  o r i e n t a t i o n ,  and w a s  sometimes f ixed  along two axes i n  space. 

Below w e  s h a l l  look mainly at the  r e s u l t s  obtained on the  "Zond-5". 

Figure 1 shows the  i n i t i a l  and f i n a l  segments of t h e  f l i g h t  t r a j e c t o r y  

of t h e  "Zond-5'' p ro jec ted  on t h e  plane of t he  e c l i p t i c  i n  t h e  coordinate  

system with a Earth - Sun f ixed  l i n e .  

The i n i t i a l  d a t a  w e r e  obtained 

from a d i s t ance  of approximately 3.5 

REe During t h i s  t i m e  t he  AIS i n t e r -  

sec ted  t h e  o u t e r  r ad ia t ion  b e l t .  I n  

t h e  channel PS-1 (energy range of 

protons 1.5 - 10 MeV) a high counting 

Figure 1. Projec t ion  on t h e  plane rate w a s  noted (apparent ly  due t o  the  

-_ 

e l e c t r o n s ) ,  which - i n  proport ion t o  of t h e  e c l i p t i c  of t h e  i n i t i a l  and 
f i n a l  segments of the  "Zond-5" 
t r a j e c t o r y  t h e  d is tance  from Earth - f i r s t  de- 

creased then again increased,  dropping 

gradual ly  t o  a l e v e l  measurable outs ide t h e  magnetosphere., I n  the channels 

PT-1 and PT-2 corresponding t o  proton measurement wi th  energ ies  of 30 - 35 

MeV and 45 - 50 MeV, no increased counting rate w a s  observed with passage 

through t h e  r a d i a t i o n  b e l t .  

sometimes less than a minute, can b e  t raced  t o  t h e  PS-1 channel t o  a d i s t ance  

of 16  R E e  

Short-term "spikes" of t h e  counting rate, l a s t i n g  

Here w e  descr ibe  t h e  measurements c a r r i e d  out beginning from t h e  moment 

corresponding t o  a d i s t ance  of 3.5 %, up t o  when t h e  apparatus w a s  turned 

o f f ,  c a r r i e d  out  on t h e  r e t u r n  pa th  of t h e  AIS at a d i s t ance  of approximately 

14 % from t h e  Earth.  The d a t a  thus  obtained c l e a r l y  cha rac t e r i ze  t h e  condi- 

t i o n s  i n  "free" space between t h e  Earth and t h e  Moon which e x i s t e d  in t h e  

per iod from 15 t o  21  September, 1968. 

i 
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Figure 2 hows da ta  on t h e  ount- 

f '  i n g  rates i n  t h e  afore-mentioned 

channels f o r  t h e  per iod from 11 hours 

16 minutes on September 15 t o  1 3  . I  

1 1  
* .  hours 30 minutes on September 21, 1968. 

The po in t s  on t h e  graph were obtained 

by averaging over i n t e r v a l s  varying 
I 

A Z  from 45 t o  140 minutes. 
0 3  I I I I I 

September 1968 
f i  16 17 f8 I9 20 21 

Diurnal averaging makes c l e a r e r  

t h e  s l i g h t  i nc rease  i n  t h e  counting 

per iod from 0.38 t o  0.46 sec-l wi th  

Figure 2. Protons Counting rates i n  rate i n  t h e  ps-1 channel f o r  t h i s  
t h e  channels: 1 - PT-1, imp-min-l; 
2 - PT-2, impemin-'; 3 - PS-1, imp' 
sec e 

-1 a mean square e r r o r  less than 0.01 
-1 sec . The counting rates i n  t h e  

PT-1 and PT-2 channels a l s o  reveal a s l i g h t  increase.  However, on t h e  whole 

w e  can state t h a t  no s u b s t a n t i a l  v a r i a t i o n  i n  t h e  counting rate, which could 

be a t t r i b u t e d  t o  an abrupt change i n  t h e  condi t ions i n  outer  space between 

t h e  Earth and the  Moon, w a s  detected on any of our instruments  from September 

1 5  t o  21. A t  t h e  same t i m e ,  t h e  r e l a t i v e l y  s h o r t  operat ion of t h e  apparatus 

does not  p e r m i t  making any unequivocal conclusion as t o  whether our  i n s t ru -  

ments measured the  background i n t e n s i t y  between f l a r e s  o r  some r e l a t i v e l y  

s t a b l e . l e v e 1 ,  which s i g n i f i c a n t l y  exceeds t h e  background. Since t h e  f l i g h t  

of t h e  "Zond-5" took p lace  i n  a yea r  of maximal s o l a r  a c t i v i t y ,  t h i s  la t ter  

assumption i s  more probable. The following c o r r e l a t i o n s  w e r e  i nves t iga t ed  

i n  order  t o  c l a r i f y  t h i s  quest ion.  

4 W e  analyzed t h e  readings of t h e  neutron monitors at t h e  s t a t i o n s  Deep 

River and Oulu, and t h e  K - indices  of t h e  geomagnetic per turba t ion  [5] f o r  

the  month of September. 

changes which could i n d i c a t e  s i g n i f i c a n t  f l a r e s  of cosmic rays during t h e  

per iod of September 15 - 21, 1968. From the  d a t a  of o p t i c a l  observations 

from 1 t o  25 September t h e  s i t u a t i o n  on t h e  Sun w a s  qu ie t .  

P 
They revealed a r egu la r  behavior wi th  no abrupt 

Only two f l a r e s  

12252 
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of scale 2 occurred. 

x-rays o r  by b u r s t s  of r ad io  emission i n  t h e  3000 MHz range; t h i s  i n d i c a t e s  

t h a t  i n  t h i s  case no f a s t  p a r t i c l e s  were generated. 

of eva lua t ing  the  r ad ia t ion  i n  c i r c u m t e r r e s t r i a l  o u t e r  space i n  t h e  per iod of 

i n t e r e s t  t o  us  involved ana lys i s  of t h e  d a t a  from t h e  SPME instrument on t h e  

Ear th  satel l i te  "Explorer-34". This i s  a p a t r o l  instrument which measures 

t h e  i n t e g r a l  i n t e n s i t i e s  of t h e  proton f l u x e s  i n  the  ranges > 10, > 30 and 

> 60 MeV. However, t h e  s ign i f i cance  of t hese  d a t a  f o r  our  case w a s  low, since 

i n  t h e  channel f o r  protons having an energy > 10 MeV, i n  order  t h a t  t h e  count- 

i ng  rate could s i g n i f i c a n t l y  exceed the  average background (caused b a s i c a l l y  

by the ene rge t i c  particles with energy i n  t h e  hundreds and thousands of MeV),  

t h e  i n t e n s i t y  of t he  s o l a r  cosmic rays  wi th  an energy of tens  of MeV would 

have t o  inc rease  by 1.5 - 2 orders  of magnitude. This may correspond t o  an 

increase  i n  t h e  region of 1.5 - 10 MeV by 2.5 - 3 orders  of magnitude, i n  

comparison wi th  the  "quiet" background i n  t h i s  range [3]. I n  o the r  words, t h e  

f a c t  t h a t  during t h e  "Zond-5" f l i g h t  t h e  SPME instrument did not  r e g i s t e r  ( i n  

t h e  channel f o r  protons with an energy > 10 MeV) t h e  amount t h a t  t h e  counting 

rate surpassed t h e  mean level of 0.30 2 0.01 cm-';sec 

only t h e  absence during t h i s  per iod of l a r g e  f l a r e s  on t h e  Sun. 

However, they were n o t  accompanied e i t h e r  by f l a r e s  of 

S t i l l  another p o s s i b i l i t y  

-1 -ster-', i nd ica t e s  

Thus, examination of a l l  t he  above d a t a  which cha rac t e r i ze  t h e  s o l a r  and 
geomagnetic a c t i v i t y  f o r  t he  t i m e ,  at least ,  from September 1 t o  the  end of 

t h e  f l i g h t ,  al lows us  t o  make only one conclusion, i.e., t h a t  t h e  s i t u a t i o n -  

i n  t h e  circumterrestrial in t e rp l ane ta ry  space w a s  r e l a t i v e l y  qu ie t .  

- 

As w a s  mentioned above, the "Zond-5", i n  accordance wi th  the  f l i g h t  

program, sometimes changed o r i e n t a t i o n  and c a r r i e d  out  maneuvers i n  space. 

Tne f a c t  t h a t  t h e  average i n t e n s i t y  of t h e  counting i n  a l l  channels remained 

approximately t h e  same, gives  us t h e  r i g h t  t o  use  h e r e  such a c h a r a c t e r i s t i c  

as "mean i n t e n s i t y "  of t h e  proton f l u x  which is d i r e c t l y  assoc ia ted  (through 

t h e  geometric f a c t o r  of t h e  instrument) w i th  t h e  mean counting rate. 

essence t h i s  i s  equivalent  t o  t h e  assumption of an i s o t r o p i c  cha rac t e r  of t h e  

proton flux over  averaged per iods of  t i m e .  

i 
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Allowing f o r  t h e  above, w e  der ive  values  of t h e  average i n t e n s i t i e s  of 

t h e  proton f luxes  obtained i n  our experiment: 

3 -2 -i -1 1.5 - 10 MeV, I = 0.5.10 m *ster Osee , 
10 - 20 MeV, I = 40 m *ster *sec , 
30 - 35 Piev, dI/dE = 35 m-2*ster-1*sec-1*Mev-1, 

45 - 50 Uev,' dI/dE = 50 m-2*ster-10sec-1'Mev-1~ 

-2 -1 -1 

The i n t e n s i t i e s  r eg i s t e red  by "Zond-4" i n  March, 1968, agree with these  

values .  

The t a b l e  gives  t h e  values  of t h e  "background" i n t e n s i t y  of t h e  low- 

energy proton f luxes  obtained on var ious ob jec t s  i n  comparatively q u i e t  (with 

respec t  t o  s o l a r  a c t i v i t y )  i n t e r v a l s  of t i m e  f o r  t h e  per iod from 1964 t o  

1968. 

was  made f o r  t h e  range 1.5 - MeV i n  order  t o  make a comparison with our  data .  

/2253 

I n  those  cases when t h e  form of t h e  spectrum w a s  known, a conversion 

VALUES OF BACKGROUND INTENSITY OF PROTON FLUXES I N  THE 1 - 10 KeV 

RANGE 

Ob j e c t  

' OGO-A 
OGO-A 
OGO-3 

Venera-2,3 
Zond-3 

Kariner-4 
Pioneer-6, 
Vene ra- 4 

Karine r-5 
Zone-4,51 
Venera-5,B 

2 Period rs cm 0 3  

, ster 

1964 ' ~ 

1065 
1965 . 
1965 
1965 

1964-65 
1966 
1967 

1 3 1  
1,51 
1,51 

. 0,2 : 

092 

0,065 
598 
0,2 . 

1967 0,116 
1968 3 79 
1969 0,13 

' 11 
30 

. 80 
7500.25 I '7500 a 

30000 a. 
300 _c- 

' .  73 . 

. 750.a 

595 
. ,  15 

, 32 

a I n  Earth o r b i t  (1 a.u.) 

I n  Mars o r b i t  (1,55 a.u.) 
1.26 a.u. 

range 1 - 4 MeV. 

C 
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Below w e  give t h e  b r i e f  characteristics used i n  t h e  operat ions of t h e  

apparatus shown i n  t h e  t a b l e .  

The te lescope a t  t h e  Universi ty  of Chicago i n s t a l l e d  on the  space 

vehic les  of t h e  OGO series consis ted of two s i l i c o n  de tec to r s  and a p l a s t i c  

s h i e l d .  The second s i l i c o n  d e t e c t o r  and s h i e l d  r e g i s t e r e d  t h e  range of the 

p a r t i c l e ,  whereas t h e  f i r s t  de t ec to r  measured AE. The instrument permit ted 

recording t h e  s p e c t r a  of t h e  protons and t h e  a -pa r t i c l e s  i n  t h e  range of 3. - 20 
MeV'nucleon -1 

Included i n  t h e  apparatus on board "Mariner-4" and t h e  "Mariner-5" 

w a s  a sur face-bar r ie r  s i l i c o n  de tec to r  (Iowa S t a t e  Universi ty)  with two th res -  

holds  on the  f i r s t ,  and fou r  thresholds  on t h e  second of t h e s e  spacecraf t .  

A r ad ioac t ive  source w a s  i n s t a l l e d  on "Mariner-4" nea r  t h e  de tec tor .  The 

counting rate produced by it  w a s  a l i t t l e  h igher  than t h e  q u i e t  background of- 

t h e  cosmic rays.  

determining t h e  upper l i m i t  of t h e  f luxes  which can n o t  be r e g i s t e r e d  by t h e  

instrument i n  t h e  presence of t h i s  rad ioac t ive  background [8]. The number 

shown i n  t h e  t a b l e  f o r  t h e  "Mariner-4" w a s  obtained on the  assumption of a 

spectrum given i n  161. 

l i t t l e  weaker, and t h e  background produced by i t  could be subt rac ted  from 

t h e  instrument readings.  Af t e r  making c e r t a i n  assumptions, w e  can determine 

both 

A c o r r e c t  analysis .  of t h e  s ta t i s t ica l  s c a t t e r  permits  

The r ad ioac t ive  source on t h e  "Mariner-5" w a s  a 

the  form of t h e  spectrum and the  cont r ibu t ion  from t h e  a-particles. 

The te lescope  from t h e  Universi ty  of Chicago on t h e  spacecraf t  "Pioneer- 

6" and "Pioneer-7" cons is ted  of t h r e e  s i l i c o n  de tec to r s  i n  a s h i e l d  of p l a s t i c .  

The range covered w a s  i n  t h e  region of low energ ies  - 0.6 - 13 MeV-nucleon 

On t h e  "Pioneer-7" i t  w a s  poss ib l e  t o  obta in  s p e c t r a  of protons and a -pa r t i c l e s  

i n  t h i s  range by using a multi-channel analyzer ,  turned on by command from 

Ear th  

-1 
e - /2251 

i 

On t h e  Sovie t  spacec ra f t  "Venera-2,3,4,5,6" and "Zond-3" the re  were 

ind iv idua l  s i l i c o n  d e t e c t o r s  which measured t h e  proton f luxes  i n  the ranges 

7 



-.. 

of 1 - 5 MeV and 1 - 4 MeV. The numbers which w e  show on t h e  t a b l e  have been 

obtained o.n t h e  b a s i s  of published counting rates [7, 91 and known geometric 

f a c t o r s  e 

Physico-Technical I n s t i t u t e  i m .  A. F. I o f f e  

Academy of Sciences USSR 
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